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INTRODUCTION

Several nutritional deficiencies are prevalent in the Indian 
subcontinent for a very long time. Since, the launch of vari-
ous nutritional programmes and schemes for improving the 
nutritional status of the population, a lot have been achieved, 
but still, there is a lot left to be done. A large population of 
the country is still undernourished and suffers from Malnu-
trition.

A comprehensive report of the Food and Agricultural Or-
ganization stated that 190.7 million people i.e. 14.5% people 
were undernourished during 2014- 2016.1 Major micronutri-
ent deficiencies are mainly about Iron, Iodine and Vitamin 
A. Many nutritional deficiencies were the reason for 0.5% 
of the total deaths in the country in the year.2 This nutritional 
burden of hidden hunger is a major reason which also af-

fects the country’s economic growth. According to Stein & 
Quaim, 2007 this malnourishment can cost up to 0.8 to 2.5 
% of the country’s gross domestic product.3

Nutritional enhancement of already existing food products 
is being followed throughout the world. Some of these prac-
tices are quite conventional while some have been novel in 
their approach. Also as a means of ensuring nutritional se-
curity, exploitation of underutilized foods is gaining signifi-
cance. This approach can be a benchmark to ensure per cap-
ita availability of food, hence safeguarding food security.4

As stated earlier, one of the major micronutrient deficiencies 
is that of Iron, which leads to Iron deficiency anaemia. Anae-
mia is a major nutritional problem that is ignored throughout 
the world, whether in developing or developed countries. 
The World Health Organization (WHO) defines anaemia as 
the condition where the haemoglobin (Hb) value is less than 
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ABSTRACT
Introduction: Nutritional enhancement of traditional foods is gaining a lot of importance nowadays. Also, utilization of unex-
plored food items is being considered. It has been seen that intake of food prepared from the leaves has expanded, but some 
leaves like cauliflower greens and Beetroot greens have a higher waste ratio and are generally discarded. 
Aim: The study was conducted to utilize these leaves to formulate a product that is rich in iron and will be a better counterpart 
to the conventional product. Rice flakes were also used to increase the nutritional content of the product. 
Methods: Rice vermicelli was prepared by using iron-rich powder. The iron-rich powder was obtained by mixing powder of 
beet greens and cauliflower greens in the ratio of 50:50. Four variations of the product were prepared viz., Sample A, sample 
B, sample C and sample D with a 10g, 15g, 20g and 25g incorporation of iron-rich powder. Physico-chemical characteristic of 
the developed products was also determined like cooking loss, water absorption, swelling index etc. Sensory evaluation of the 
developed products was carried out using a 9-point hedonic scale. 
Results: Sample B i.e. 15g incorporation was found to be the most acceptable sample. Proximate analysis showed the iron 
content of the developed product to be 4.25mg/100g.
Conclusion: The development of novel and nutritious food products can be carried out using unexplored and unutilized sources 
of vegetables. This will ensure valorization of the developed food product and also food & nutrition security.
Key Words: Beetroot leaves, Cauliflower greens, Iron-rich vermicelli, Gruel loss, Swelling index, Water absorption, Waste utilization
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13 g/dL in men, less than 12mg/dL in non-pregnant women, 
and less than 11 g/L in pregnant women.

The major incidence of Iron deficiency can be manifested 
in growing children, women in the reproductive age group, 
pregnant women, the elderly and people suffering from 
chronic diseases.5 To combat this nutritional problem, sev-
eral strategies have been formulated throughout the world, 
these include Oral/intravenous iron supplements, dietary 
education, nutritional awareness and food fortification. Out 
of all these, food fortification or Biofortification is the most 
promising and lasting approach which can enhance the mi-
cronutrient status amongst the beneficiaries.6 Thus, the food-
based approach focuses on enhancing the nutritive value of 
an existing food product and can be carried out on a house-
hold level. The utilization of green leaves of cauliflower and 
beetroot for the development of Iron-rich vermicelli is the 
main endeavour with which this study is undertaken. Green 
vegetables are rich in nutrients and dietary fibre. They have 
fewer calories and fat but are excellent sources of vitamins 
like A, K, and C, carotenoids, folate, manganese.

Cauliflower (Brassica oleracea) is a very common and eas-
ily available vegetable, which is consumed by one and all. 
According to a review article by Sagar et al., 2018, the global 
production of cauliflower and broccoli was about 24.17 mil-
lion metric tonnes, which is humongous.7 Cauliflower greens 
fall in the category of leafy greens which have a higher pro-
portion of Iron but these are generally discarded or either 
used for animal fodder.8,9 Apart from being highly nutritional 
as in terms of a good amount of Iron and Beta carotene, they 
also have a higher waste index, because these are generally 
discarded.10

Beetroot is also called Chukandar in Hindi. Its scientific 
name is Beta Vulgaris L. It is the taproot portion of the plant 
which is commonly consumed. It belongs to the family Che-
nopodiaceae. Beetroot leaves are also one of the most un-
derutilized vegetables which are highly nutritious.11The iron 
content of Beetroot leaves is even better than that of spin-
ach.12 It is being assumed that the nutritional composition of 
beet leaves is similar to the beetroot which is rich in carbo-
hydrates, fibre, protein, and many minerals such as Sodium, 
Potassium, Calcium as well as Iron.13 Some of the phytonu-
trients present in beetroot includes polyphenols, carotenoids, 
Betacyanins, Betaxanthins, etc.14

Rice flakes are obtained from paddy and these are some of 
the very versatile ingredients which can be used in numer-
ous ways. Some other names which it is known by are Poha, 
Aval, or Avalakki.15 It is considered to be a good source of 
iron owing to its production process, which requires the rice 
to be passed through iron rollers. This enables the flaked rice 
to retain some of the iron from the rollers.16 Hence, these 
can be used as a low-cost, easily available source of iron to 
fortify various food products.

Vermicelli is a very commonly consumed extruded food 
product. It is traditionally prepared from whole or refined 
wheat flour, which is kneaded into a semi-hard dough. The 
prepared dough is either passed through an extruder and 
cold extrusion is carried out. Sometimes, the small pieces 
of dough are rolled using fingers and broken manually in 
the form of vermicelli. The formed vermicelli is laid out on 
sheets and sun-dried.17

MATERIALS & METHODS

The present study was conducted in the Nutrition Lab of the 
Department of Dietetics & Applied Nutrition of Amity Uni-
versity Haryana, Gurgaon, India.

Procurement and Processing of Ingredients
Beetroot Leaves & Cauliflower Greens: Fresh beetroot 
leaves and Cauliflower along with greens were collected 
from the nearby vegetable market of Panchgaon, Haryana. 
Damages, wrinkled, yellow, and old leaves were discarded 
and only green undamaged medium-sized leaves were se-
lected. The greens were removed from cauliflower and saved 
for further use. The cauliflower greens (Leaves and juicy 
stem) and also the beetroot leaves were washed under run-
ning tap water to remove any impurities from the surface.

Washed leaves of beetroot were blanched for 2 minutes.  The 
blanching was carried out by putting leaves in hot boiling 
water for 2 minutes and then placing them in cold water im-
mediately.  The blanched leaves were placed on an absorbent 
paper to remove excess moisture. After that, the leaves were 
sun-dried for 2 days.

The cauliflower greens were cut into small pieces to ensure 
even drying under the sun. Sun-drying was carried out for 3 
days.

To ensure complete drying, the sundried beetroot leaves and 
cauliflower greens were further dried in a laboratory hot air 
oven at 60 °C.

The dried beetroot leaves and cauliflower greens were pow-
dered using a household grinder and passed through a sieve 
to ensure even texture. The prepared Beetroot leaves to pow-
der and Cauliflower greens powder were mixed in equal 
quantities and stored in an airtight container which was la-
belled as an Iron-rich mix.

Rice Flakes: Packaged rice flakes/poha was purchased from 
a nearby departmental store of Panchgaon, Haryana. The 
procured rice flakes were converted into a powdered form 
by grinding in the household grinder. The ground poha was 
passed through a sieve to obtain a flour-like consistency.

Development of Iron-rich vermicelli: Refined wheat flour 
(Tricticum aestivum), rice flakes powder (Oryza sativa), 
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Beetroot leaves powder (Beta vulgaris) and Cauliflower 
greens powder (Brassica oleracea) were used for the prepa-
ration of four variations of Iron-rich vermicelli viz. Sample 
A, B, C, and D. The four samples varied from each other 
based on their composition. The variation of ingredients used 
for the preparation of 4 samples is mentioned in table no. 1. 

All four ingredients were mixed and kneaded into a hard 
dough using an adequate amount of water. The prepared 
dough was passed through a household press and cold ex-
truded into vermicelli and sundried subsequently.

Physico- Chemical analysis of Iron-rich Vermicelli: The 
developed iron-rich vermicelli was subjected to proximate 
analysis for moisture, ash, fat, fibre, protein, carbohydrate, 
and Iron by AOAC methods.18

Sensory Evaluation: The developed iron-rich vermicelli 
was subjected to sensory evaluation by a 20 membered semi-
trained panel of judges. All four variations were evaluated 
organoleptically for appearance, taste, texture, flavour, and 
overall acceptability using a 9-point hedonic scale.19

Cooking Quality: The developed iron-rich vermicelli was 
cooked in water until the inner core was softened. To ensure 
that the product is cooked, a strand of vermicelli was pressed 
between thumb and index finger.

Solid Gruel Loss: Mestres et al., 1988 devised a method 
for determining Solid loss.20 Weighted sample of developed 
iron-rich vermicelli was cooked in an adequate amount of 
water. Once cooked, it was strained out and the remaining 
filtrate was transferred to a pre-weighed petri dish. The con-
tents of the petri dish were evaporated overheated water bath 
and then kept in a laboratory hot air oven for an hour. The 
weight of the petri dish was again taken and solid gruel loss 
was calculated using the formula mentioned below:

Solid Gruel Loss = 
W2 – W1

W
× 100

Here, the Weight of the sample taken for cooking is denoted 
as “W”

The initial weight of the petri dish is denoted as W1

The final weight of the petri dish is denoted as W2

Water Absorption: It is the ratio between the weight of the 
cooked vermicelli to the weight of vermicelli in a raw un-
cooked state.21

Water Absorption in % =
weight of cooked vermicelli – the weight of raw vermicelli

weight of raw vermicelli
× 100

Swelling Index: Cleary and Brennan, 2006 have instigated 
the method for determining the swelling index.22 To deter-
mine swelling index a weighted sample of vermicelli i.e. 10 

g was cooked in 200 ml (20 times) of boiling water for 10 
minutes over a water bath maintained at 100 °C. After cook-
ing the excess water was decanted and the vermicelli was 
dried to remove extra moisture on a filter paper. The cooked 
sample was weighed.

Swelling index = 
W2 – W1

W1
× 100

Here, the weight of the product before cooking is denoted 
by “W1” and weight of product after cooking is denoted by 
“W2”

RESULTS & DISCUSSIONS

Sensory Evaluation: All the four variations of the devel-
oped Iron-rich vermicelli were subjected to sensory evalua-
tion by a 20 membered panel of semi-trained judges. Sensory 
scores of all the samples of the developed product are men-
tioned in Table no. 2. The sensory evaluation scores showed 
Sample B i.e. the one with 15 grams of Iron-rich powder as 
the most acceptable sample. Attributes like taste, mouthfeel, 
flavour and overall acceptability were found to be the high-
est in the case of Sample B. Highest score for appearance 
was given to Sample A, followed by Sample B, C, and D. 
Due to the addition of Iron-rich powder, the colour varia-
tion was seen which affected the appearance of the samples, 
higher quantities of Iron-rich powder imparted a dark col-
our to the samples which affected their appearance in both 
cooked and raw state.

There were slight variations in the perception of taste in 
Samples A & B, while the other two samples i.e. C & D re-
ceived fewer scores for taste from panel members.

The addition of iron-rich powder imparted a peculiar mouth-
feel to the developed product which was not found to be 
acceptable as the quantity of Iron-rich powder increased. 
However, it did not have much effect on the flavour of the 
product, which is quite evident from almost similar scores 
for Sample A, B, and C.

Therefore, sensory evaluation scores of the developed prod-
uct showed the incorporation level up to 15% to be accept-
able by the panel members.

Nutrient Composition: The proximate analysis was also 
carried out. In this study, the nutrient composition of the 
most acceptable product i.e. Sample B was done using stand-
ard techniques. The iron content of the developed and most 
acceptable product is 4.25 mg/100g, which is approximately 
23 % of the daily iron requirements. The addition of green 
leafy vegetables in the cooked product can also help in en-
hancing the iron content and also ensure increased bioavail-
ability. Table no. 3 shows the nutritional composition of the 
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most acceptable sample i.e. Sample B. 

Cooking Loss/Solid Gruel Loss: Gruel loss can be defined 
as the number of dissolved solids in the cooking water. It 
is an indicator of the structural integrity of the developed 
product.23 Higher gruel loss will indicate a poor cooking per-
formance for the vermicelli. The structural integrity of the 
product is directly dependent upon the raw materials used. 
According to Krishnan et al., 2012 a dense structure will re-
sult in lower cooking loss and hence a better product.24 Addi-
tion of refined flour provided greater stability to the structure 
of vermicelli due to the presence of gluten and hence gave 
a stable structure to the product which also contained rice 
flakes and powdered leaves. It can be observed from the re-
sult that the cooking loss increased with an increase in the 
amount of Iron-rich powder. Sample D showed the highest 
cooking loss while the most acceptable variant i.e. Sample B 
showed a gruelling loss of 10.6%.

Water absorption: This characteristic is also an important 
measure of cooking quality. As per the results tabulated in 
Table no. 4, it can be seen that there are only slight variations 
in the values of water absorption in the case of all four sam-
ples. However, it can also be observed that with an increase 
in the content of iron-rich powder, the water absorption also 
increases. Similar studies have also reported an increase in 
water absorption with the addition of carrot powder.25

Swelling Index: These values showed a downward trend 
with increased content of the iron-rich powder. This may be 
attributed to the relationship between starch and fibre. An in-
crease in the amount of fibre can lower the swelling of starch 
granules and lower swelling indices. But the Samples A, B, 
and C shower slight variations in the swelling index. The 
lowest values are recorded in the case of Sample D. A study 
conducted by Padalino et al., 2017 also indicated a lower 
swelling index with the amount of tomato peel powder in 
developed spaghetti.26

All the tests about the cooking quality of the developed Iron-
rich vermicelli have been tabulated in Table no. 4. 

CONCLUSION

It can be concluded from the present study that dried leaf 
powder of beetroot and cauliflower, which are generally dis-
carded and have a higher waste ratio. These green leave are 
nutrient-dense but seldom find a place in the diet of people 
due to ignorance and lack of awareness. In this study, these 
have been utilized for enhancing the nutrient content of the 
developed vermicelli, which is much higher than its conven-
tional counterpart. Keeping the same aim of nutritional en-
hancement in mind, rice flakes powder has also been incor-
porated for further value enhancement. This study is also one 
of the food-based strategies for tackling nutrient (Iron) defi-

ciency. Hence, through this study, an effort has been made to 
boost nutrition and food security.
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Table 1: Variation of ingredients for the preparation of Iron-rich Vermicelli
Ingredients Sample A Sample B Sample C Sample D

Rice flakes powder 45g 45g 45g 45g

Beetroot Leaves powder & Cauliflower 
greens powder (Iron rich mix)

10g 15g 20g 25g

Refined wheat flour 45g 40g 35g 30g

Table 2: Sensory Evaluation scores of the Four variations of Iron-rich vermicelli
Samples
Attributes

Sample A Sample B Sample C Sample D

Appearance 9.7+0.67 8.7+0.94 8.4+1.68 7.2+1.54

Taste 9.1+1.10 9.1+1.28 8.8+0.91 7.8+1.68

Mouthfeel 9.4+0.51 9.4+0.69 8.6+0.94 7.5+1.84

Flavor 9.1+0.99 9.5+0.52 9.1+0.99 7.3+1.94

Overall Acceptability 8.9+1.19 9.4+0.51 8.9+1.19 7.8+1.81

Table 3: Nutritional composition of Sample B of developed Iron-rich Vermicelli
S. No. Nutritional Components Amount

1. Moisture (%) 9.3

2. Carbohydrates (%) 68.18

3. Fat (%) 1.85

4. Proteins (%) 10.45

5. Fibre (%) 3.11

6. Mineral Ash (%) 0.78

7 Iron (mg/100g) 4.25

Table 4: Cooking Quality of the developed samples of Iron-rich Vermicelli
Samples Cooking Time (Minutes) Cooking Loss (%) Swelling Index (ml/g) Water Absorption (%)

Sample A 5.45 10.45 1.85 150.33

Sample B 5.25 10.60 1.82 151.45

Sample C 5.25 12.25 1.82 151.56

Sample D 5.15 12.65 1.69 152.33


